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Residul Effect of Six Acaricides on the Two-Spotted Spider Mite
(Tetranychus urticae Koch) (Acari: Tetranychidae)
Females on Cucumber under Plastic Houses Conditions in
Central Jordan Valley

Tawfiq M. Al-Antary, "*"Mohammad Raed"* Kamel Al-Lala, Marwan I. Abdel-Wali *

ABSTRACT

Laboratory bioassays were conducted during the period from June 2009 to August 2010 to evaluate the residual
activities of six acaricides against adult females of four populations of the two-spotted spider mite (Tetranychus
urticae Koch) (Acari: Tetranychidae). The acaricides included in this study were abamectin, amitraz, bifenazate,
chlorfenapyr, milbemectin. Three out of the four tested populations were collected from Krimeh, Deir-Alla and
Karamah covering the main areas devoted to cucumber cultivation in central Jordan Valley. The fourth
population was brought from Syria and considered as a susceptible strain (SSS).

The toxicity of bifenazate (83%-94%), chlorfenapyr (46%-76%) and spiromesifen (72%-81%) persisted for 9
days against adult mite females when they were applied at the highest recommended field dose. In general
average bifenazate induced 89% mortality to all populations, followed by 76% for spiromesifen and 70% for
chlorfenapyr. However, abamectin, amitraz and milbemectin did not display residual effect against the local field
populations, except tremendous effects against adults females of SSS strain, with residual mortality of 76%,
61%, and 71%, after 9 days, respectively. The results indicated obviously that most of the local TSSM
populations displayed different levels, of resistance to abamectin, milbemectin, spiromesifen, amitraz and
chlorfenapyr, and were more susceptible to bifenazate.

The results of the study recommend to use acaricides of bifenazate, chlorfenapyr, spiromesifen or any acaricides
registered in ministry of agriculture of Jordan in exchange with milbemectin and amitraz to maintain their
effectiveness and to avoid or to decrease the possibility of the two-spotted spider mite resistance for these
acaricides.

KEYWORDS: Tetranychus Urticae, Acaricdes, Two Spotted Spider-Mite, Residual Effect, Central

Jordan Valley, Cucumber, Jordan.

INTRODUCTION

In 2009, the total number of plastic-houses in Jordan,
which were planted with vegetables, was about 66,000.
More than fifty percent of them were planted with
cucumber (36,000). The total production of cucumber in
2009 was about 113,000 tons. Fifty percent of this
production was exported to different countries (Ministry
of Agriculture, 2009).
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The two-spotted spider mite, Tetranychus urticae
Koch (Acari: Tetranychidae), is a major pest on field
crops, plastic-houses crops, horticultural  crops,
ornamentals and fruit trees (Tsagkarakou et al. 1996, Van
Den Boom et al. 2003, Al-Mommany and Al-Antary
2008). The mite has a very short and prolific life cycle, its
resistance to acaricides has more readily emerged than
the rate of the resistance in other pests (Zhang 2003). In
addition, the mites resistance to certain acaricides has
been shown to have cross resistance to other acaricides.
Thus, most commercial acaricides have been often
proved to be ineffective to control the field mite
populations (Ramasubramanian et al., 2005, ElI Kady et
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al., 2007, Koh et al., 2009). It is quite possible that
TSSM susceptibility to acaricides would differ among
cucumber cultivation locations in Jordan.

The Jordanian farmers rely heavily on acaricides to
control the two-spotted spider mite. Therefore, they have
increased the rate of application, applied a mixture of
acaricides and applied acaricides more frequently than
they should. They have complained about unsatisfactory
results in controlling T. urticae (Nazer, 1985). Although
TSSM represents a real threat to cucumber plantation
under plastic-houses in Jordan, few residual effects
studies on this pest have been conducted (Nazer 1982,
1985, Al-Antary et al. 2012). The residual effect and
resistance of the two-spotted spider mite were reported
globally in huge numbers ( Goodle et al., Kim et al.
2007, Whalon et al. 2008, Ghadamyari and Sendi 2008) .
Therefore, this study aimed to investigate the residual
effects of the six tested acaricides on four different
populations of the two spotted spider-mite collected from
cucumber under plastic houses in three main regions in
the central Jordan valley, in addition to the Syrian
susceptible strain.

MATERIALS AND METHODS

Populations of T. Urticae

Four T. urticae populations of different origin were
used in study. Three of these populations were collected
from cucumber plants grown under plastic houses
conditions in different regions of Jordan. These
geographical regions include Krimeh, Deir-Alla and
Karamah in central Jordan Valley. These regions are
considered the main area for cucumber production in the

Table (1): The six acaricides and properties which

country. A susceptible strain of T. urticae was obtained
from Lattakia Center for Rearing and Production of
Biological Agents (LCRPBA) in Syria. This strain was
reared in (LCRPBA) for 5 years without the application
of acaricides at all.

Production of bean plants

Bean (Phaseolus vulgaris L. cv. Bronco) was chosen
for rearing and for the toxicological tests of the T.urticae,
because it is one of the mite's favorite host, and for its
ease of producing transplants. Seeds of bean (Bronco,
Asgrow, USA) were directly sowed inside 10 cm. pots
and filled with Peat-moss and Perlite 3:1 ratio.

Plants were infested with SSS T. urticae when they
reached the true leaf stage. These plants were irrigated
and replaced as needed. No pesticides were applied on
the plants except for the acaricide tests. These plants were
grown under greenhouse conditions in the campus of
Faculty of Agriculture at University of Jordan at a
temperature of 25-35 °c, relative humidity of 45% to 60%
and a photoperiod of L16: D8.

Rearing of the Syrian susceptible strain (SSS)

This strain was obtained from Latkia Center for
Rearing and Production of Biological Agent (LCRPBA)
in Syria. The population was reared in (LCRPBA) for
five years without application of acaricides. This Syrian
population was brought to Jordan and reared on bean
plants inside special insectaria in a separate green houses
conditions as above, in University of Jordan, Al-Jubaiha
area, starting in June, 2009. Bean plants were irrigated
and replaced as needed.

were used to evaluate their residual effect on four

populations of the two-spotted spider mite collected from the Central Jordan Valley in 2009

Rate of
Common name Trade name Formulation Company application Molecular formula Group
Mg /L H20
Abamectin Vertimec 1.8EC Syngenta 7.2 C49H74014 Abamectin
AG

Amitraz Mitac 20 EC Bayer 500 C19H23N3 Amitraz
Bifenezate Floramite 24 SC Uniroyal 96 C17H20N203 Bifenezate
Chlorenapyr Pirate 24 SC BASF 120 C15H11BrCLF3N20 Chlorenapyr
Milbemectin Milbecknock 1EC Sankyo 125 C63H90014 Abamectin
Spiromesifen Oberon 24 SC Bayer 180 C23H3004 Spinosyns
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Tested acaricides

Six of the most common used acaricides for cucumber
production in Jordan

were evaluated for residual effects towards T. urticae.
The acaricides and their properties (Tomlin 2005) are

shown in Table (1):

Except abamectin and milbemectin all the used
acaricides are of different groups and have different mode
of actions (IRAC 2010).

Table (2): Residual effects of six acaricides against T.urticae adult females of Krimeh population

Acaricide Concentration % Mortality after days (d) or applicationt SE

(mg/l) 1d 3d 6d ad 12d 15d
Abamectin 7.2 22+1.2d 17+1.0c 14+1.2d 11+1.0d 10+1.2d 8+0.0c
Amitraz 500 24+1.6d 18+1.2¢c 15+1.0d 12+1.6d 9+1.0d 6+1.0c
Bifenazate 96 100£0.0a | 99+1.0a 95+1.9a 89+1.9a 75%1.9a 65+1.9a
Chlorfenapyr | 120 88+1.6b 78+2.6b 66+1.2c 60+1.6¢c 54+1.2¢c 46+1.2b
Millbemectin | 12.5 31+1.0c 25+1.0c 17+1.0d 14+1.2d 12+1.6d 9+1.0c
Spiromesifen | 180 88+1.6b 82+1.2b 75+1.9b 72+1.6b 61+1.9b 50+1.2b
Control Tap Water 5+1.0e 3+1.0d 4+0.0e 5+1.0e 5+1.0e 4+0.0d

Means within the same column with the same letter are not significantly different after arcsine transformation using

LSD at 0.05

Residual effect of acaricides on T. urticae females

The residual effects of different acaricides used on
adult females of T urticae were evaluated under room
temperature conditions. Using a hand sprayer, acaricides
were applied on cotyledon leaves of bean at their higher
recommended label rates (abamectin 7.2mg/L, amitraz
500 mg/L, bifenazate 96mg/L, chlorfenapyr 120mg/L,
milbemectin 12.5 mg/L, and spiromesifen 180mg/L) until
run-off. Cotyledon leaves were removed at 1, 3, 6, 9, 12,
and 15 days after application. Removed leaves of each
treatment were placed in Petri dishes lined with cotton
wool (Ochiai et al. 2007). Each leaf was infested with 25
adult females of T. urticae. The number of dead and alive
mites for each treatment was estimated 48 hours after
contact with the treated cotyledons, except for
spiromesifen the number of alive and dead mites was
counted after 96 hours after mite release because it was
noticed from the preliminary studies that adult females
treated with spiromesifen usually die 96 hours after
applying the acaricide. Tab water was sprayed as control.

Statistical analysis

The layout of the residual effect experiment was
Complete Randomize Design (CRD) with 7 treatments
(one concentration for each acaricide) and 4 replications.
Obtained data were subjected to analysis using the SAS
programme (SAS, 2002). Prior to analysis, arcsine-
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transformation of data was done (Little and Hills, 1972).
Obtained results from this experiment had been
constructed in tables to facilitate comparison. Means
were separated using the least significant different at 5%
level.

RESULTS

Residual effect of acaricides on T. urticae adult
females of Krimeh population

Table (2) shows the residual effect of six acaricides
when used at their recommended rate against T. urticae
females collected from Krimeh region. The estimated
mortality percentages for abamectin, amitraz and
milbemectin were 22%, 24% and 31%,, respectively ,1
day after application. Meanwhile, the induced mortality
for these acaricides was 8%, 7% and 9%, respectively, 15
days after application. Mortality percentages for
bifenazate 1, 3, 6, 9,12 and 15 days after applications
were significantly the greatest compared to other
acaricides. On the other hand mortality percentages for
abamectin on all days after applications were
significantly the least. Bifenazate, chlorfenapyr and
spiromesifen, induced 100%, 88% and 88% mortality,
respectively, 1 day after application. Meanwhile, they
induced 65%, 46% and 50% mortality, respectively, 15
days after their application.
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Residual effect of acaricides on T. urticae adult
females of Deir- Alla population

Table (3) shows that bifenazate and chlorfenapyr
induced 66% and 68% mortality of adult females of T.
urticae for 15 days after application and they were not
significantly different from each other. Bifenazate,
chlorfenapyr and spiromesifen remained effective for
several days longer than other acaricides with mortality
that reached 95%, 87% and 85%, respectively, 6 days

after treatment. Meanwhile, abamectin, amitraz and
milbemectin induced 12%, 11% and 23% mortality,
respectively, 6 days after application. However, Mortality
percentages for bifenazate 1, 3, 6, 9,12 and 15 days after
applications were significantly the greatest compared to
other acaricides. On the other hand mortality percentages
for abamectin on all days after applications were
significantly the least.

Table (3): Residual effects of six acaricides against T.urticae adult females of Deir Alla population

Acaricide Concentration % Mortality after days (d) or application+ SE
(mg /1) 1d 3d 6d ad 12d 15d

Abamectin 7.2 19+1.0d 14+1.2e 12+0.0d 10+1.2e 8+1.6e 7+1.0d
Amitraz 500 18+1.2d 15+1.0e 11+1.0d 10+1.2e 8+1.6e 7+1.0d
Bifenazate 96 100£0.0a | 100+0.0a | 95+2.2a 90+1.2a 79+1.9a 68+1.6a
Chlorfenapyr | 120 96+1.6b 92+1.6b 87+1.9b 79£3.0b 72+1.6b 66+1.2a
Millbemectin | 12.5 33%1.9¢ 28+2.3d 23%1.9¢c 17+1.0d 13+1.0d 10+1.2¢c
Spiromesifen | 180 92+1.6b 88+1.6¢ 85+1.9b 71+1.9c 64+1.6¢c 52+1.6b
Control Tap Water 4+1.6e 4+0.0f 5+1.0e 4+0.0f 5+1.0e 4+0.0e

Means within the same column with the same letter are not significantly different after arcsine transformation using LSD at 0.05.

Table (4): Residual effects of six acaricides against T. urticae adult females of Karamah population

Acaricide Concentration | % Mortality after days (d) or application+ SE
(mg /1) 1d 3d 6d ad 12d 15d

Abamectin 7.2 21+1.0d 18+1.2d | 17+1.0d | 15+1.0d | 12+1.6¢c | 10+1.2d
Amitraz 500 25+1.0d 20+1.6d | 18+1.2d | 12+1.6d | 10+1.2c | 9+1.0d
Bifenazate 96 10040.0a | 98+1.2a | 92+1.6a | 83+1.9a | 72+1.6a | 68+1.6a
Chlorfenapyr | 120 75+1.0c 63+1.0c | 51+1.0c | 46x2.6c | 41+1.9b | 36x1.6C
Millbemectin | 12.5 28+1.6d 20+1.6d | 15+1.0d | 12+1.6d | 10+1.2c | 9+1.0d
Spiromesifen | 180 91+1.0b 86+1.2b | 80+1.6b | 72+1.6b | 67+1.9a | 56+1.6b
Control Tap Water 4+1.6e 4+0.0e 5+1.0e 4+0.0e 5+1.0d 4+0.0e

Means within the same column with the same letter are not significantly different after arcsine transformation using

LSD at 0.05.

Residual effect of acaricides on T. urticae adult
females of Karamah population

Residual effects of tested acaricides against T. urticae
females collected from Karamah region as shown in
Table (4).

Bifenazate, chlorfenapyr and spiromesifen induced
100%, 75% and 91% mortality, respectively 1 day after
application. Meanwhile, they induced 68%, 36% and
56% mortality, respectively 15 days after application. On
the other hand, abamectin, amitraz and milbemectin
induced 21%, 35% and 28% mortality, respectively 1 day
after application.
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Meanwhile, they induced 10%, 9% and 9% mortality
15 days after application with no significant differences
between their mortalities at 1, 3, 6, 9, 12 and 15 days
after application.

Residual effect of acaricides on T. urticae adult
females of Syrian Susceptible Strain

Table (5) shows comparative residual effects of
abamectin, amitraz, bifenazate, chlorfenapyr,
milbemectin, and spiromesifen when used at their higher
recommended application rates against the SSS strain.
Bifenazate maintained at least 89.0% mortality of adult T.
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urticae, followed by chlorfenapyr and spiromesifen
(63%), milbemectin (52%), abamectin (51%), and
amitraz (37%) for 15 days after application. Mortality

percentages of the tested acaricides against the SSS
strain 6 days after treatment were as follows: 98% for
bifenazate, 90% for spiromesifen, 86% for chlorfenapyr,
85% for abamectin, 82% for milbemectin and 70% for
amitraz. It was revealed that the SSS strain was
susceptible to all tested acaricides when used at their
higher  recommended rate. However, Mortality
percentages for bifenazate 1, 3, 6, 9,12 and 15 days after
applications were significantly the greatest compared to
other acaricides. On the other hand mortality percentages
for abamectin on all days after applications were
significantly the least.

DISCUSSION

Results showed that abamectin, amitraz and
milbemectin had very low residual effect on all the
T.urticae field populations, while they were active against
the SSS. These results ensure the fact that the T.urticae
field populations developed resistance against these
chemicals. Al-Antary et al. (2012a) reported that amitraz
was ineffective in controlling T.urticae, while bifenazate
with high efficacy( Al-Antary et al 2012b).The highest
mortality percentage among the field populations of
TSSM was 33% for milbemectin followed by 24% for
both abamectin and amitraz after 24 hours of application,
while against the susceptible strain milbemectin caused
97% mortality followed by abamectin and amitraz, 24
hours after application. After 15 days of acaricides
application, the lowest mortality percentages caused by
abamectin, milbemectin and amitraz against the T.urticae
field populations decreased to reach 7% meanwhile,
against the SSS the mortality percentage reached 52% for
milbemectin, followed by abamectin and amitraz. The
residual effect of bifenazate, spiromesifen and
chlorfenapyr acaricides against the field populations of
T.urticae was very high and the mortality percentage was
100% for bifenazate and the least 75%-98% for
chlorfenapyr 24 hours after application. These results
agreed with the fact that these acaricides are relatively
new products, and belong to different chemical groups
with different modes of action.

In Japan, Ochiai et al. (2007) studied the toxicity of
bifenazate against the T.urticae and concluded that
bifenazate is a novel acaricide with high toxicity to all
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life stages of T. urticae. They added that there were no
cross-resistance between bifenazate and other classes of
acaricides, such as etoxazole, dicofol and spiromesifen.
They also concluded that bifenazate remained effective
for long time with only 10% loss of efficacy on T. urticae
after one month of application on apple trees.

Marcic et al. (2009) from Serbia concluded that
spiromesifen considerably affected the fecundity and
population growth rate of T.urticae treated females. The
females treated with 180 ppm laid no eggs and most died
within a few days. These results agreed with the residual
effect results obtained in the present study. However
spiromesifen showed good residual effect, but some
populations showed resistance to its toxicity. In contrast
bifenazate showed excellent toxicity and residual effect
against all the tested populations.

Laboratory tests of six acaricides; abamectin, amitraz,
bifenazate, chlorfenapyr, milbemectin, and spiromesifen
against three cucumber field populations of the two-
spotted spider mite, collected from , Krimeh, Deir-Alla,
and Karamah in the central Jordan vally as well as SSS
strain revealed the following conclusions: At its high
recommended field rate abamectin was ineffective in
controlling T. urticae. It had no residual effect except
against the SSS strain. Amitraz was ineffective in
controlling the T.urticae at the same time it showed very
low residual effect against the tested populations except
the SSS strain. The tested field populations were
moderately resistant to milbemectin. Abamectin had
weak residual effect against T. urticae when used at its
high recommended field rate . Bifenazate was a very
useful acaricide giving a high efficacy, long lasting effect
against T. urticae even when it was used with
concentrations less than its recommended application
rate. In contrast to toxicity effect spiromesifen was an
effective acaricide since it had a good residual effect.
Chlorfenapyr was active in controlling adult females of
T.urticae when it was used at its recommended rate, as
well as it had long residual effect. In Jordan, Nazer
(1982,1985) tested several organophosphate and
carbamate pesticides against T.urticae collected from
several areas in Jordan valley. He found that these
pestecides had weak residual effect on T.urticae due to
the gained resistance for most common acaricides in the
previous century at different levels. Several workers
(Goodell et al. 2001, Zhang 2003, Kim et al. 2007,
Ghadamyari and Sendi 2008) reported the acaricides
management on T.urticae on several crops in different
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parts of the world.

However, in order to have safe and high quality and
quantity of cucumber product and to manage resistance
development by T .urticae to acaricides, the following are
recommended. Regular monitoring should be carried out
to detect the extent of resistance to the pesticides used.
Restricting the use of acaricides to which the magnitude
of resistance is high like abamectin and amitraz.
Applying acaricides that have different active ingredients
and different mode of action like bifenazate, spiromesifen
and chlorfenapyr. Training of growers on alteration of
acaricides based on mode of action to facilitate long term
sustainable spider mite management. Adoption of a mode
of action labeling scheme of pesticides that were
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